From an Escherichia coli K-12 strain lacking adenylate cyclase (cya) and cyclic AMP receptor protein (crp), two mutants were isolated that synthesize uridine phosphorylase constitutively. The mutations differ from one another and also from a wild type in the maximum rate of uridine phosphorylase synthesis. They have constitutive expression of the uridine phosphorylase gene (udp) in the presence of repressor protein coded by the cytR regulatory gene and decrease the sensitivity of the udp gene simultaneously with catabolite repression. Both mutations cause a high level of udp expression whether they are in a cya crp or in a cya+ crp+ background. Another mutation (udpPl) isolated previously alters the response of udp gene to the cytR repressor and produces a higher constitutive level of uridine phosphorylase in a cytR+ than in a cytR background when bacteria are grown in glucose. The synthesis of uridine phosphorylase in this mutant is dependent on an intact cyclic AMP-cyclic AMP receptor protein complex. All mutations studied are cis-acting and extremely closely linked to the udp structural gene, and appear to affect the uridine phosphorylase promoter-operator region. The data obtained are in accordance with a suggestion that the cytR repressor protein normally asserts its function by preventing the positive action of cyclic AMP-cyclic AMP receptor protein complex.
From an Escherichia coli K-12 strain lacking adenylate cyclase (cya) and cyclic AMP receptor protein (crp), two mutants were isolated that synthesize uridine phosphorylase constitutively. The mutations differ from one another and also from a wild type in the maximum rate of uridine phosphorylase synthesis. They have constitutive expression of the uridine phosphorylase gene (udp) in the presence of repressor protein coded by the cytR regulatory gene and decrease the sensitivity of the udp gene simultaneously with catabolite repression. Both mutations cause a high level of udp expression whether they are in a cya crp or in a cya+ crp+ background. Another mutation (udpPl) isolated previously alters the response of udp gene to the cytR repressor and produces a higher constitutive level of uridine phosphorylase in a cytR+ than in a cytR background when bacteria are grown in glucose. The synthesis of uridine phosphorylase in this mutant is dependent on an intact cyclic AMP-cyclic AMP receptor protein complex. All mutations studied are cis-acting and extremely closely linked to the udp structural gene, and appear to affect the uridine phosphorylase promoter-operator region. The data obtained are in accordance with a suggestion that the cytR repressor protein normally asserts its function by preventing the positive action of cyclic AMP-cyclic AMP receptor protein complex.
In Escherichia coli, catabolism of uridine is dependent on the activity of the enzyme uridine phosphorylase (EC 2.4.2.3), which catalyzes the following reaction (21) : uridine + phosphate = uracil + ribose-1-phosphate This enzyme has some specificity for deoxyuridine and, to a lesser extent, for thymidine (3, 12) . Furthermore, under conditions of constitutive synthesis in a strain deficient in catabolism of deoxyribose (the drm mutation), uridine phosphorylase can catalyze the conversion of thymine to thymidine (7, 17, 24) .
The structural gene udp encoding uridine phosphorylase is located at approximately 84 min on the E. coli chromosome (22) . The expression of the udp gene seems to be negatively controlled by one repressor protein coded for by the cytR gene and positively by the cyclic AMP (cAMP)-cAMP receptor protein (CRP) complex (8, 9, 19) . The low molecular effectors in the cytR control system are cytidine and adenosine (19) . The cytR mutants have constitutive levels of the other nucleoside-catabolizing enzymes: cytidine deaminase (gene cdd) and a group of the deo-enzymes-deoxyriboaldolase, thymidine phosphorylase, phosphodeoxyribomutase, and purine nucleoside phosphorylase (coded for by the four closely linked deo-genes dra, tpp, drm, and pup, respectively). The udp gene is not linked to the cytR gene nor to the other structural genes encoding catabolism of nucleosides (19) .
It has been shown that the cytR-regulated expression of the udp gene is strictly dependent upon the cAMP-CRP complex: a reduction of constitutive uridine phosphorylase synthesis occurs when a cya or crp mutation is introduced into a cytR strain (9, 18) . The assumption was made from these data that cytR repressor interferes in some way with a CRP binding site and thereby prevents CRP-dependent transcription of the udp gene (18) . To test this assumption, studies of promoter-operator mutants were needed.
In this paper we report the isolation of mutants, termed udpP, that are largely unresponsive to control by the cytR repressor and simultaneously exhibit decreased sensitivity of the udp gene to catabolite repression (CR). Such mutants suggest the possibility of an overlap between promoter and operator sites of the udp gene. bDerived from CA8306 by selection for resistance to L-valine (18) .
'Derived from WZ25 by selection for resistance to fusidic acid (18) .
dDerived from CM107 in two steps, first by selection for resistance to 5-fluorouracil (upp) and then for resistance to 5-fluorouracil and adenosine (udp) (17) . 'Isolated from CM107 Adeo as able to grow on thymine (17 Lennox (13) .
Mating experiments were performed as described by Miller (16) . Recombinants were purified by restreaking once on selective plates before being tested for unselected markers.
Acridine orange curing of episomes was carried out at an acridine concentration of 25 jtg/ml as described by Bastarrachea and Willets (2) . Donor characteristics were checked by replication onto a lawn of F-cells on selective plates and by cross-streaking with the malespecific phage Q/8.
Construction of strains for dominance experiments. recA derivatives of strains CM107, AM133, AM251, AM259, and AM260 were obtained in conjugational matings with strain Hfr KL16-99 (recA str8), by selection for Thy' Strr recombinants. recA recombinants were scored by UV sensitivity, purified, and denoted CM107-1, AM133-1, AM251-1, AM259-1, and AM260-1, respectively. udp derivatives of strains AM251-1, AM259-1, and AM260-1 were isolated by selection for resistance to VOL. 137, 1979 5-fluorouracil and adenosine as described previously (17) . udpPl udp, udpP17 udp, and udpPl8 udp mutants were purified and denoted AM251-2, AM259-2, and AM260-2, respectively.
The F'14 episome (udpP' udp+ metB+) was introduced into this set of haploid strains by using metB+ or udp+ as selective markers. The corresponding derivatives were denoted by adding to the original strain designation of number 3 in the case of udp+ strains or number 4 in the case of udp recipients (see Table 2 ).
Enzyme assays. The cells were grown at 37°C with aeration in glucose or glycerol minimal medium to a density of approximately 3 x 108 cells per ml. Portions of the culture were then diluted into fresh medium to 2.5 x 107 cells per ml, and growth was continued. After four generations of exponential growth, cells were harvested by centrifugation, washed, and resuspended in 3 ml of buffer. The suspensions were sonically treated for 1 min at 0°C in an MSE disintegrator and centrifuged, and the supernatant was used for enzyme assays.
Uridine phosphorylase activity was determined spectrophotometrically according to Razzel and Khorana (23) , by measuring the increase in absorbance at 290 nm at pH 13 . Uridine (50 mM; 0.1 ml) was added to 0.9 ml of sonic extract at 37°C. Samples (0.1 ml) were withdrawn at intervals and added to 0.1 N NaOH (0.9 ml), and the absorbance was measured. In the calculations of the enzyme activity a difference of 5 .41 x 103 in the molar extinction coefficient between uridine and uracil was used (23) .
Cytidine deaminase (EC 3.5.4.5) activity was assayed according to Munch-Petersen et al. (19) . Assay was made in a 0.5-ml reaction mixture containing 0.05 M Tris-hydrochloride at pH 7.3, 1 mM cytidine, and enzyme. The reaction mixture was incubated at 37°C, and at appropriate times 0.1-ml samples were taken into 0.9 ml of ice-cold perchloric acid. The precipitated protein was removed by centrifugation, and absorbance of the supernatant was measured at 290 nm. A difference in the molar extinction of 10.1 x 103 between cytidine and uridine was used.
Tryptophanase (EC 4.1.99.1) activity was determined by the method of Bilezikian et al. (5 
RESULTS
Isolation and properties of mutants constitutive for uridine phosphorylase synthesis. The thymine-requiring (thy) E. coli strains normally convert thymine to thymidine through the action of thymidine phosphorylase, an enzyme whose synthesis is directed by the tpp gene of the deo operon. It has been reported previously (24) that in thy mutants carrying a deletion of tpp and drm genes thymine can be used as a source of thymidylate only if the bacteria synthesize constitutive quantities of an alternative enzyme, uridine phosphorylase. This has been used by us to select for such constitutive mutants (17) . One such mutant (udpPl) obtained earlier is used in this work. We used the same selection procedure for isolation of mutants constitutive for uridine phosphorylase from strain AM294. However, because it carried mutations in the structural genes for adenylate cyclase (cya) and the CRP protein (crp), it would be able to make uridine phosphorylase constitutively by acquiring a means of expressing udp that did not depend on the cAMP-CRP complex.
Cells from a broth culture of strain AM294 were washed and plated on glucose minimal agar with thymine (2 yg/ml) and the necessary nutritional requirements. After 2 days at 37°C, colonies appeared at about one to two per 109 cells plated. Two strains, each arising from a separate broth culture of strain AM294, were purified and named AM257 and AM258. They were similar in the following respects: they were able to make colonies after 2 days at 37°C in glucose minimal medium with thymine (2 jtg/ml); they had basal levels of another cytR+-regulated enzyme, cytidine deaminase; and they produced tryptophanase, when induced, at the same very low (0.01 U/mg) amount as the strain AM294 from which they were derived. They were different in their maximal uridine phosphorylase synthesis: in glucose minimal medium, strain AM257 produced about 1,700 U/mg, and strain AM258 produced about 2,500 U/mg; these activities correspond to the levels observed in the wild-type strain maximally induced by cytidine or in the repressornegative cytR strain.
To verify that the phenotype of these mutants is not a consequence of a double mutation or a deletion, revertants of strains AM257 and AM258 unable to grow on thymine were isolated by selecting for resistance to 5-fluorodeoxyuridine (5 jg/ml). Of 18 such revertants tested, 13
were unable to utilize uridine as the sole carbon source and were thus udp. The remainder were udp+ and produced basal, cAMP-CRP-dependent levels of uridine phosphorylase, i.e., restored a phenotype of the parental strain AM294. This indicates that catabolite-resistant, high constitutive phenotypes of strains AM257 and AM258 were due to single mutations.
Genetic characterization. The above findings suggest that the mutations in strains AM257 and AM258 permit constitutive expression of udp in spite of the presence of cytR repressor on October 28, 2017 by guest http://jb.asm.org/ Downloaded from and cya and crp mutations, but do not allow the other catabolite-sensitive system to be expressed. Since cAMP-CRP complex and cytR repressor are thought to work by interaction with the promoter-operator region, an obvious possibility is that strains AM257 and AM258 contain uridine phosphorylase promoter-operator mutations. To test this idea we performed a number of transductions designed to show whether the mutations are located in the udp region.
To determine the linkage to the udp structural gene, we used a phage P1 preparation grown on strain AM257 to transduce strain AM178 (udp dra tpp) to Udp+. Recombinants were selected on minimal medium with uridine as carbon source and thymidine as thymidylate source. Udp+ transductants were then streaked onto the same medium and to glucose medium with thymine, to determine whether they had also inherited the mutation that permits constitutive expression of udp gene (if recombinants had basal levels of uridine phosphorylase, they could not grow on this medium because strain AM178 carries a tpp mutation).
Among 187 Udp+ transductants tested, 186 were able to grow on the latter medium and showed constitutive uridine phosphorylase activities. One transductant was not able to grow on thymine and on repurification was shown to be inducible for uridine phosphorylase synthesis. Of 117 Udp+ recombinants obtained by transducing strain AM178 with phage P1 grown on strain AM258, all were able to express udp constitutively. It was also found that Udp+ recombinants retained the ability to grow on glucose minimal medium with thymine after introduction of the cya or crp mutation. Thus, Udp+ transductants of strain AM178 had growth characteristics similar to those found in mutants AM257 and AM258. These results show that the mutations that permit strains AM257 and AM258 to synthesize uridine phosphorylase constitutively are more than 99% cotransducible with the udp structural gene. This is compatible with their being in the promoter-operator region of the udp gene.
An alternative possibility is that in each mutant the udp gene has been duplicated and one copy has become translocated and attached to a promoter that is independent of the cAMP-CRP complex. To test this possibility, we plated the mutant strains AM257 and AM258 on nutrient agar and replicated more than 1,000 colonies of each strain to glucose minimal medium with thymine. In fact, all colonies tested were stable and did not segregate variants that could not grow on this agar, whereas duplication-translocation events in E. coli are characterized by instability (11, 25) .
It would appear more likely that the promoter of the udp gene has mutated in strains AM257 and AM258. We designated these mutated promoters udpPl 7 and udpPl8, respectively.
Effect of the episomal udpPr allele on uridine phosphorylase activity in udpP constitutive mutants. In this set of experiments we asked whether the udpPl 7 and udpP18 mutations act in cis or in trans. Uridine phosphorylase levels have been measured in strains heterozygotic for the udp region. These strains were constructed by transfer of the F'14 episome carrying the udpP+ allele from AB1206 into recA derivatives of udpPl 7 and udpP18 mutants (see Materials and Methods). The specific activities of uridine phosphorylase in these strains are compared in Table 2 with the uridine phosphorylase activities in the corresponding haploid strains. The results with the heterogenotes F'udpP/udpPl 7 and F'udpP/udpPl8 demonstrate that the udpPl 7 and udpP18 alleles are dominant over the wild-type one: strains AM259-3 and AM260-3 had raised uridine phosphorylase levels which approximately corresponded to those of haploid strains AM259-1 and AM260-1 bearing appropriate mutations. On the other hand, heterogenotes F'udpP+ udp+/udpP17 udp and F'udpP+ udp+/udpP18 udp, bearing on the chromosome an additional mutation in the udp structural gene, produced uridine phosphorylase at levels comparable to the basal levels of strains AM133-4, CM107-1, or CM107-3. Thus, both udpP17 and udpP18 mutations apparently do not stimulate uridine phosphorylase synthesis in trans, and exert an effect only in cis.
The activities of uridine phosphorylase in these strains are compared in Table 2 with the activities of the enzyme in the same set of merodiploids bearing on their chromosome the previously isolated mutation udpPl (udpR), which causes constitutive uridine phosphorylase synthesis and is closely linked to the udp structural gene (17) . In contrast to our preliminary data, the results given in Table 2 show that the udpPl mutation is cis-dominant and trans-recessive over the wild-type udpP+ allele. It seems more likely, therefore, that the udpPl mutation, like udpP17 and udpP18, affects the promoter-operator region of the udp gene, but not the specific regulatory gene for uridine phosphorylase as has been suggested previously (17) .
Expression of udpP mutations in cya background. Previous tutive synthesis of this enzyme in a repressornegative udpP+ cytR strain require the presence of cAMP-CRP complex (18) . On the other hand, constitutive synthesis of uridine phosphorylase in the udpPl 7 and udpPl8 mutants occurred in the absence of activated CRP. To investigate an alteration in the response of uridine phosphorylase synthesis to cAMP-CRP complex in different udpP mutants, isogenic cya+ and cya strains were constructed. These were obtained in transduction matings in which strains AM257, AM258, and AMI11 were the donors and strains AM133 (udp cya+) and AM134 (udp cya) were the recipients. udp+ cya+ and udp+ cya transductants were isolated, purified, and studied. The effect of cya mutation on the udp gene expression in different udpP mutants was determined by assaying uridine phosphorylase levels in cell-free extracts of these strains. The results are summarized in Table 3 , together with the data of similar experiments with the use of a set of isogenic cytR+ and cytR strains carrying a wild-type udpP+ region in cya+ and cya backgrounds. It may be seen from Table 3 that both udpPl 7 and udpP18 mutations produced high (15-to 25- fold derepressed) and essentially the same levels of uridine phosphorylase in cya+ and in cya backgrounds. These levels were not significantly changed when glucose was substituted for glycerol as the carbon source or when cAMP was added to the media. In contrast to this, a very drastic decrease in uridine phosphorylase level was seen in the udpPl mutant after the introduction of cya mutation. Similar results were obtained with crp derivatives of udpPl, udpPl 7, and udpP18 mutants (data not given). In strain AM252 (udpPl cya) as well as in AM246 (udpP+ cytR cya) the enzyme levels were reduced near to the basal level found in the wild-type strain CM107. This decrease was reversed by the addition of cAMP into the growth media (Table  3) . Thus, the udpPl mutant, in contrast to udpPl 7 and udpP18, resembles the udpP+ cytR strain in that the constitutive uridine phosphorylase synthesis in both strains required the presence of activated CRP. In cya+ background, however, the udpPl mutation exhibited a lower decrease in sensitivity to CR and, on the other hand, had a higher level of uridine phosphorylase on glycerol as compared to the udpP+ cytR strain (Table 3 ). This suggests that the udpPl needs a relatively lower concentration of cAMP than the udpP+ cytR strain to give a high level of udp expression. According to this suggestion, the addition of cAMP increased the rate of uridine phosphorylase synthesis in glucose medium approximately threefold in the udpP+ cytR strain but only 1.2-fold in the udpPl strain. The addition of cAMP to the glycerol-growing cells caused a rather small increase in uridine phosphorylase synthesis in all strains tested (Table  3) .
Thus, all three udpP mutations differ from a a Cells were grown in glucose and in glycerol medium to a density of 108/ml and divided into two portions.
One portion received cAMP (3 mM final concentration) and one portion received no additions, and growth was continued for 90 min. Celis were then harvested, and cell extracts were prepared and assayed for uridine phosphorylase. b_, Data were not obtained because of the inability of cya mutants to grow in glycerol minimal medium without cAMP.
wild type in their response to the active cAMP-CRP complex: the udpP17 and udpP18 exhibit high levels of uridine phosphorylase synthesis in the absence of activated CRP, whereas udpPl seems to have only a slight alteration in response to this complex. On the other hand, all mutants were similar in that they contained raised uridine phosphorylase levels in spite of the presence of the cytR repressor protein.
Induction experiments. To clarify the character of an alteration in response to the cytR gene product in different udpP mutants, appropriate strains were grown in glucose and glycerol minimal media supplemented with cytidine in the presence or in the absence of cAMP, and uridine phosphorylase activities were determined in cell-free extracts. In addition, the effect of the cytR mutation on uridine phosphorylase synthesis in combination with the udpP mutations was examined (Table 4) .
In these experiments we measured also the activity of another cytR-regulated enzyme, cytidine deaminase, as a control. It may be seen from Table 4 that in all udpP mutants the cytidine induction pattern of cytidine deaminase was similar to that in the wild-type strain CM107 and characterized by a high degree of CR (84 to 88%). This indicates that all udpP mutants contained an active cytR repressor. In glucose medium without cAMP, cytidine caused only a small increase in uridine phosphorylase synthesis in the udpP17 mutant, whereas the udpP18 mutant produced essentially the same level of uridine phosphorylase whether cytidine was present or not (Table 4) . However, when these mutants were grown in glucose medium supplemented with cAMP or in glycerol medium without cAMP, the addition of cytidine caused an approximately 1.5-fold increase in uridine phosphorylase synthesis as compared to the basal levels in both strains. The cytR mutation caused the same effect as cytidine on uridine phosphorylase synthesis in both mutants. Therefore, the isogenic pair AM259 (udpPl7 cytR+) and AM-297 (udpPl7 cytR), as well as AM260 (udpPl8 cytR+) and AM298 (udpPl8 cytR), contained the same levels of uridine phosphorylase when grown in glucose and less than a 1.5-fold difference when grown in glycerol. In both mutants the highest uridine phosphorylase level attained was in glycerol medium supplemented with cytidine and cAMP, and this level was the same (3,600 U/mg) in udpPl7 and udpPl8.
In contrast, in strain CM107 with a wild-type promoter region (udpP+) the addition of cytidine caused a 3.5-fold and 9-fold derepression of uridine phosphorylase in glucose and glycerol, respectively (Table 4) . When the cytR+ allele was replaced with cytR in the udpP+ strain, uridine phosphorylase synthesis increased 7-fold in glucose and 17-fold in glycerol. Thus, although the udpPl7 and udpPl8 mutants produce high levels of uridine phosphorylase (15-to 25-fold derepressed) in the presence of cytR gene product, the data presented in Table 4 indicate that the cytR repressor control is still exerted to some extent in both mutants in glycerol medium. Furthermore, in the presence of cytidine (or a cytR mutation) the degree of CR increased in the udpPl 7 mutant from 1% to 30 to 42% and in the udpP18 mutant from 8 to 34% (Table 4) sensitivity of udpP+ in the absence of inducer (33%) but is much lower than in the case of the udpP+ strain in the presence of inducer or cytR mutation (73 to 75%).
Surprisingly, in the udpPl mutant cytidine caused an unexpected 1.5-fold decrease in uridine phosphorylase levels when the cells of strain AM251 were grown in glucose medium ( Table 4 ). The same reduction of uridine phosphorylase synthesis in glucose occurred when the cytR mutation was introduced into the genome of the udpPl strain. The addition of cAMP to the cells of the udpPl strain growing in glucose in the presence of cytidine (or to the cells of the udpPl cytR strain; data not shown) restored uridine phosphorylase synthesis to the levels found in corresponding strains growing in glycerol. Moreover, the addition of cytidine or the introduction of cytR mutation increased the sensitivity to CR of the udpPl mutant almost to the extent found in the "induced" udpP+ (cytR+) or in the udpP+ cytR strain. Therefore it would seem that the udpPl mutant needs either cytR+ gene product or cAMP in the absence of this product to give a high level of udp expression in glucose medium. Generally, however, the level of uridine phosphorylase synthesis in the udpPl mutant appeared to be directly influenced by the cAMP level in the cytR+ background as well. According to this, in glycerol medium the udpPl achieved a maximum level of udp expression in spite of whether or not the inducer was present.
All this information indicates that udpPl is a mutation in the site of the promoter-operator region that normally responds to the cytR gene product, while the corresponding site (in the same or a different promoter-operator region) towards cAMP-CRP complex in udpPl mutant is still functional. On the other hand, the udpPl 7 and udpP18 mutations seem to comprise such an alteration of promoter that is characterized by the ability to function at high level in the absence of cAMP-CRP complex and to escape partially from repression by the cytR gene product.
DISCUSSION
In this paper we have described the isolation and characterization of mutations designated udpP17 and udpP18 which produced constitutive levels of uridine phosphorylase in a cya crp background. Both mutations are cis-dominant and closely linked to the udp structural gene. The following evidence suggests that the udpP17 and udpP18 mutations affect the promoter-operator region of the udp gene. They caused a 15-to 25-fold derepression of uridine phosphorylase synthesis in the presence of cytR repressor and simultaneously were insensitive to CR for uridine phosphorylase but not for cytidine deaminase synthesis.
Neither of these two mutants corresponds closely to any of a large number of lac promoter mutants that have been described. The various lac promoter mutants fall into three distinct classes. Class I mutations result in diminished expression of the lac operon (to 2%) in a cya+ crp+ background. This is identical to the level of expression of a wild-type promoter in a cya crp background. Class II mutants, in contrast, have lower levels of lac operon expression in a cya crp strain than in a wild-type strain (4, 10) . Class III mutations have the wild-type rate of lac expression in a cya+ crp+ background but a much higher expression than wild-type promoter in a cya crp background (1) . The udpP17 and udpP18 mutants most nearly resemble lac mutants of class III (e.g. UV5), which were isolated by a procedure analogous to ours. Like UV5, the udpP17 and udpP18 mutations are largely unresponsive to cAMP-CRP complex. However, in striking contrast to UV5 these mutations alter the maximal level of udp gene expression in a cya+ crp+ background and also influence the rate of uridine phosphorylase induction caused by cytidine (see Table 4 ). These mutants also resemble dsdO mutants, in which synthesis of dserine deaminase occurs at a high constitutive rate and is insensitive to CR (15) . The properties of dsdO mutants imply the existence of an overlap between the sites of response to induction and CR in the d-serine deaminase system, which in contrast to udp seems to be under positive control (6) .
It would seem that the udpP17 and udpP18 mutations causing the constitutive expression of the udp gene in the presence of the cytR repressor and simultaneously decreasing the dependence of the udp expression on the cAMP-CRP complex might be an alteration in a region where udp promoter and operator overlap. This implies that the site of action of the cytR repressor and cAMP-CRP complex might not be distinct regions at all. There is evidence for such an overlap in the gal operon, where gal repressor interferes directly with the CRP binding site and thereby prevents CRP-dependent transcription of the gal operon (20) .
On the other hand, it is more likely that the udpPI 7 and udpP18 mutations create new promoter sites that do not require cAMP-CRP complex for RNA polymerase to initiate transcription. In this case our data concerning the preservation of some response of udpPl 7 and udpP18 mutants to cytR control (Table 4) can be explained by the action of the catabolitesensitive wild-type promoter, which possibly is still unaltered in these mutants.
The udpPl mutation, according to our present data, appears to be another example of a promoter mutation that shows an increased level of udp expression in the presence of cytR repressor, but remains still dependent on cAMP-CRP complex. A striking feature of this mutation is that the cytR repressor seems to behave in the udpPl cells like a positive factor of uridine phosphorylase synthesis when bacteria are grown in glucose, i.e., under the condition of cAMP limitation (Table 4) . Thus, the udpPl mutation allows the udp gene to escape from cytR repression and simultaneously causes some alteration of promoter in its response to CR and exogenous cAMP (see Tables 3 and 4) . These data could be considered as evidence for the hypothesis assuming a close interrelationship between the sites of response to cytR repressor and cAMP-CRP complex in the promoter-operator region of the udp gene. This hypothesis is compatible with the data that all constitutive mutants studied have levels of uridine phosphorylase higher than the maximally induced level of enzyme in a wild-type strain.
Generally, the results presented in this paper confirm the earlier proposal (18) that the cytR gene product acts at the level of promoter of the udp gene, causing its insensitivity to the positive action of cAMP-CRP complex.
